Systematic review and meta-analysis: real-world effectiveness of direct-acting antiviral therapies in chronic hepatitis C genotype 3 in Asia
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AbsTrACT background Genotype 3 (GT3) is a common chronic hepatitis C (CHC) genotype in Asia. Direct-acting antiviral (DAA) regimens have high cure rates, but real-world results are limited for Asia. Aim To determine the real-world effectiveness of DAAs for patients with CHC GT3 in Asia. Methods A systematic search was performed in PubMed (including MEDLINE), Embase, and selected international meeting abstract repositories. Eligible studies were postmarketing observational studies from Asia with the primary outcome of sustained virological response 12 weeks after completion of treatment (SVR12). results A total of 15 studies with 4230 patients yielded a pooled SVR12 of 92.7%. High heterogeneity (I 2 =93.2%, P<0.0001) was noted. In subgroup analyses, patients with cirrhosis had 10.9% lower SVR12 than non-cirrhotic patients (88.6% vs 98.9%; P<0.0001) and contributed 69.5% of the heterogeneity. Prior treatment failure did not reduce the pooled SVR12 (treatment-naïve: 94.6%, 95% CI 91.3% to 96.7% vs treatment-experienced: 94.0%, 95% CI 77.5% to 98.6%; P=0.89). Twenty-four weeks of sofosbuvir+ribavirin dual therapy was the most commonly used regimen which led to similar SVR12 (OR=1.1, P=0.73) but lower adverse event rate than 12 weeks of sofosbuvir+ribavirin+pegylated interferon triple therapy. Conclusion Sofosbuvir+ribavirin for 24 weeks is the most widely used and generally well-tolerated DAA therapy in Asia. However, its effectiveness is not optimal in GT3 patients with cirrhosis.
IntroductIon
Hepatitis C virus (HCV) infection is a significant health burden around the world affecting an estimated 1% of the global population (71.1 million HCV infections). 1 HCV genotype 3 (GT3) accounts for 25% of the total HCV cases. It is the second most common genotype in Asia overall and the most common HCV genotype in certain parts of Asia, representing 66.7%, 19.9%, 19.6%, 5.4% and 0.4% among all HCV genotypes in South Asia, South-East Asia, Central Asia, East Asia, and high-income Asia Pacific countries, respectively. 1 2 Since the new direct-acting antiviral (DAA) therapies were launched in late 2013, the sustained virological response (SVR) is now nearly 100% among many HCV patient groups with most genotypes and patient subgroups in clinical trials. However, GT3 is associated with lower SVR rates than other genotypes. 3 Despite the large number of HCV GT3 infections in Asia, pivotal clinical trials of DAAs in patients with HCV GT3 included very few Asians. Specifically, only 9% of the patients enrolled in major registration trials on the use of DAAs for treatment of patients with HCV GT3 were Asian, which included only 9 and 7 among the total of 250 and 152 patients in the VALENCE and ALLY-3 clinical trials, respectively, and 80 patients among the 592 GT2 and GT3 patients in the BOSON clinical trial (online supplementary table S1). [4] [5] [6] [7] Daclatasvir (DCV) + asunaprevir, ledipasvir (LDV)/sofosbuvir (SOF) and SOF + ribavirin (RBV) combination therapies became available to Asia in 2014/2015. [8] [9] [10] [11] [12] SOF was approved in India in March 2015, while SOF+RBV treatment regimen was approved in Pakistan in November 2014. [9] [10] [11] [12] Based on the Asian Pacific Association for the Study of Liver Disease (APASL) 2016 guidelines, recommended therapies for HCV GT3 include (1) SOF+weight-based RBV for 24 weeks for treatment-naïve patients; (2) SOF+DCV for 12 weeks for those without cirrhosis, and SOF+DCV for 24 weeks with or without weight-based RBV for those with cirrhosis; and (3) among patients who are treatment-experienced with pegylated interferon (Peg-IFN), SOF+DCV for 12 weeks was recommended for non-cirrhotic patients and SOF+DCV with weight-based RBV for 24 weeks for patients with cirrhosis. 13 The current
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Indian National Association for Study of the Liver recommends (1) SOF+DCV for 12 weeks or SOF+weight-based RBV for 24 weeks for those unwilling/intolerant to DCV non-cirrhotic patients; (2) SOF+DCV+weight-based RBV for 24 weeks for patients with cirrhosis, and alternative SOF+weight-based RBV+Peg-IFN for 12 weeks for patients with compensated cirrhosis or SOF+RBV for up to 48 weeks for patients with decompensated cirrhosis. 10 In 2017, the Pakistan National Consensus Practice Guidelines of Hepatitis C offered the three following recommendations for GT3 patients: (1) SOF+DCV for 12 weeks or SOF+velpatasvir (VEL) for 12 weeks for both treatment-naïve and IFN/ RBV treatment-experienced and (2) SOF+weight-based RBV+Peg-IFN for 12 weeks for IFN-eligible patient or SOF+weight-based RBV for 24 weeks for IFN-ineligible patient; and (3) SOF+DCV for 24 weeks or SOF+VEL for 12 weeks for either non-cirrhotic patients or patients with cirrhosis. 11 However, since the introduction of the new DAAs to Asia, real-world effectiveness results have been sporadically published. Therefore, to gain a real-world perspective of the effectiveness of the new DAA regimens among Asian patients with HCV GT3, we performed a systematic review and meta-analysis of the current literature on the treatment of HCV GT3 from postmarketing studies conducted in Asia.
MaterIals and Methods data sources and search strategy
Our study protocol was registered in PROSPERO (CRD: 42017067928). We performed a systematic search of PubMed (including MEDLINE), Embase, and major international meeting abstracts from Digestive Disease Week, Asian Pacific Digestive Week, the American Association for the Study of Liver Diseases, the European Association for the Study of the Liver, and APASL until 30 June 2017. Search terms included ledipasvir, sofosbuvir, simeprevir, daclatasvir, asunaprevir, ombitasvir, dasabuvir, HCV, and hepatitis C. The searches were further restricted to Asian countries (online supplementary list 1). 14 There was no language restriction. We defined the real-world evidence based on the definitions of Sherman and colleagues. 15 
study selection
Eligible studies were non-clinical trial original studies in Asian real-world settings with the primary outcome of SVR12, and/or secondary outcome of tolerability information for adult patients (≥18 years) with chronic hepatitis C(CHC) GT3. We excluded phase I-III premarketing clinical trial studies and studies with small sample sizes of 10 patients or fewer.
data extraction
A standardised case report form was designed for data extraction. The study information collected included authors' name, authors' organisation, publication year, study country, study period, study centre, sample size, study participants' characteristics including age, gender distribution, subtypes for GT3, cirrhosis status, prior treatment status, primary outcomes of overall DAA SVR12, and secondary outcomes of subgroups' effectiveness and tolerability, including the number and type of common adverse events (AEs) and serious adverse events. Two reviewers (BW and FJ) independently identified, screened, extracted, discussed, and evaluated eligible studies. A third researcher (MHN) resolved any discordance.
statistical analyses
Meta-analyses were conducted for SVR12 in the overall study population and subgroups using the Freeman-Tukey double arcsine transformation and Wilson score CI in the random-effects model. 16 For subgroup analysis, ORs were performed in studies with two therapeutic arms (SOF+RBV therapy with and without the addition of Peg-IFN), which involved weighted averages in random-effects models. We also calculated the pooled SVR12 within subgroups, including comparison of SVR12 by therapies, by cirrhosis status, by treatment history, by both cirrhosis status and treatment history, and by countries. The between-subgroup differences were tested with statistical level of significance defined with a P-value <0.05. In addition, meta-regression was performed for the statistically significant subgroups to quantify the magnitude of impact of subgroup effectors. R 2 indices were used to quantify the impact of the subgroup effectors. 17 Cochran Q test and I 2 statistics were quantified for heterogeneity, with cut-offs of 25%, 50% and 75% to suggest low (25%-50%), moderate (50%-75%), and high (>75%), respectively. 18 Egger's test and Begg's test were evaluated for potential publication bias. 19 20 A sensitivity analysis was conducted for the pooled SVR12 results to check for accuracy affected by small sample sizes or low-quality studies.
All analyses were carried out in R V.3.3.2 (R Foundation for Statistical Computing, Vienna, Austria), with 'meta' and 'ggplot2' packages. [21] [22] [23] We used the Newcastle-Ottawa Scale (NOS) to evaluate risk of bias. 24 Studies were evaluated and discussed for discordance by two reviewers. Table 1 and figure 1 show the results of the database search and the selection process according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses format. 25 Following the previously described search strategy, 15 studies were eligible for analysis, including 10 published as full articles and 5 as conference abstracts. Six studies were from India, six from Pakistan, two from Myanmar and one from Iran. Ten studies were singlecentre, three were multicentre, and the study centre setting was not specified in two studies. Five studies were published in 2016 and ten in 2017.
results study characteristics
Open access overall pooled sVr12 for daa therapies in routine practice in asia A total of 4230 GT3 patients were treated with DAAs and included in our final analysis. 9 12 26-38 The pooled SVR12 was 92.7% (95% CI 88.9% to 95.8%) (figure 2 and figure 3 ). There was high heterogeneity among the studies (I 2 =93.2%, P<0.0001), indicating that one or more subgroups may be the cause of the heterogeneity (see meta-regression analysis results below). Publication bias was not observed in either the Begg's test (P=0.80) or Egger's test (P=0.14).
Pooled sVr12 for individual daa regimen
The majority of patients (n=4069, 96%) were treated with an SOF+RBV±Peg-IFN therapy: SOF+RBV for 24 weeks (n=2340) or SOF+RBV+Peg-IFN for 12 weeks (n=1417) or SOF+RBV±Peg-IFN for 12 or 24 weeks (n=312), with a pooled SVR12 of 93.0% (95% CI 87.9% to 96.1%, I 2 =89.3%), 95.4% (95% CI 90.9% to 97.7%, I 2 =81.9%), and 86.2% (95% CI 79.4% to 91.0%, I 2 =38.8%), respectively (online supplementary figure S1). 9 12 26-31 33-38 In addition, DCV+SOF±RBV for 12 or 24 weeks of therapy was used in 149 patients with HCV GT3, with an overall SVR12 of 91.7% (95% CI 86.0% to 95.1%, I 2 =0%). 29 30 32 The SVR12 of DCV+SOF±RBV was 96.0% (48/50) for non-cirrhotic patients and 89.1% (49/55) for patients with cirrhosis. Only 12 patients were treated with LDV+SOF for 12 weeks and 9 achieved SVR12 (75.0%). 30 There was no statistically significant difference in the SVR12 rates among these four therapies (P=0.08) (figure 3 and online supplementary figure S1).
SVR12 for SOF+RBV for 24 weeks versus SOF+RBV+Peg-IFN for 12 weeks
Seven of the 15 studies compared 24 weeks of SOF+RBV with 12 weeks of SOF+RBV+Peg-IFN for 12 weeks. 9 26 29 30 34 38 In this subgroup analysis, we evaluated the ORs of SVR12 with a random-effects model between the two groups. There was no significant difference in figure 4) .
AEs for SOF+RBV for 24 weeks and SOF+RBV+Peg-IFN for 12 weeks
For patients treated with 24 weeks of SOF+RBV, AE data were available in 1346 patients from two studies. 36 38 The most common AEs were anaemia (28.1%, 95% CI 25.2% to 31.2%), headache (23.5%, 95% CI 14.5% to 35.8%), fatigue (22.9%, 95% CI 13.1% to 37.1%), myalgia (11.0%, 95% CI 8.6% to 14.1%), and insomnia (7.8%, 95% CI 5.2% to 11.5%). For patients treated with 12 weeks of SOF+RB-V+Peg-IFN, AE data were available in 960 patients from two studies. 36 38 The most common AEs were myalgia (49.1%, 95% CI 44.4% to 53.8%), fatigue (43.5%, 95% CI 21.6% to 66.8%), anaemia (40.7%, 95% CI 36.6% to 45.0%), and insomnia (12.0%, 95% CI 10.0% to 14.1%).
Meta-regression by cirrhosis status
There were significant differences in the pooled SVR12 between the cirrhotic and non-cirrhotic subgroups, with a statistically significantly lower response rate in cirrhotic subgroup. This analysis included 9 studies with 2723 non-cirrhotic patients and 814 patients with cirrhotic CHC GT3. 9 29-32 34-36 38 The pooled estimate of SVR12 for non-cirrhotic and cirrhotic subgroups were 98.9% (95% CI 97.6% to 99.7%) and 88.6% (95% CI 82.4% to 93.7%), respectively (P<0.0001). Heterogeneity Open access was reduced from 91.7% in total to I 2 =66.1% for the non-cirrhotic group and I 2 =81.4% for the cirrhotic group ( figure 3 and figure 5 ). Meta-regression analysis also showed that patients with cirrhosis had a 10.9% (95% CI 5.4% to 16.1%) lower chance to achieve SVR12 than non-cirrhotic patients. The R 2 index was 69.5%, indicating that cirrhosis may contribute 69.5% to the overall observed heterogeneity.
subgroup analysis by treatment history
A total of 3358 patients in 9 studies were eligible for the subgroup analysis based on treatment Open access history. 9 27 30-32 34-36 38 Without accounting for cirrhosis status, there were no significant differences in pooled SVR12 between treatment-naïve patients (pooled SVR12: 94.6%, 95% CI 91.3% to 96.7%) and patients with prior treatment failure (pooled SVR12: 94.0%, 95% CI 77.5% to 98.6%) (P=0.89) (figure 3 and online supplementary figure S2 ).
subgroup analysis by treatment history and by cirrhosis status
We performed a stratified subgroup analysis by cirrhosis status and treatment history with 2581 DAA-treated patients with CHC GT3 in six studies. 31 32 34-36 38 We found that non-cirrhotic treatment-naïve patients had the highest SVR12 at 98.0% (n=1324, 95% CI 96.6% to 98.8%, I 2 =17.2%). Non-cirrhotic treatment-experienced patients also had relatively high SVR12 at 91.1% (n=927, 95% CI 47.8% to 99.1%, I 2 =94.8%). As expected, patients with cirrhosis with prior treatment failure and cirrhotic treatment-naïve patients had lower pooled SVR12 at 88.2% (n=87, 95% CI 49.0% to 98.3%, I 2 =82.4%) and 83.1% (n=243, 95% CI 76.2% to 88.3%, I 2 =10.4%), respectively (online supplementary figure S3 ).
subgroup analysis by country and meta-regression controlling for cirrhosis
There were 1911 patients treated with SOF+RB-V±Peg-IFN or DCV+SOF±RBV in 6 studies from India, 2069 patients with SOF+RBV±Peg-IFN in 6 studies from Pakistan, 206 patients with SOF+RBV±Peg-IFN or DCV+SOF±RBV in 2 studies from Myanmar, and 44 patients treated with DCV+SOF±RBV in 1 study from Iran (table 1). The overall percentage of patients with cirrhosis among cohorts that included patients with cirrhosis was about 35% in India, 50% in Pakistan and 55% in Myanmar (table 1) .
The pooled SVR12 estimates were 94.7% (95% CI 91.7% to 97.2%) for India, 87.6% (95% CI 75.3% to 96.2%) for Pakistan, 97.9% (95% CI 88.5% to 100.0%) for Myanmar, and 90.9% (95% CI 80.3% to 98.0%) for Iran without significant differences noted among the countries (P=0.28) (figure 3 and online supplementary figure S4 ).
Meta-regression controlling for the effect of cirrhosis showed no statistically significant difference in SVR12 rates among the countries, with regression coefficients of Open access −0.06, 0.08 and 0.02 (P=0.06, 0.36 and 0.68) for Pakistan, Iran and Myanmar compared with India as the referent, respectively.
Quality assessment
We categorised a total score of 8 or higher as high-quality studies, 4-7 as fair-quality studies and 1-3 as low-quality studies. There were five high-quality, eight fair-quality and two low-quality studies included in our analysis. The average score in the NOS quality assessment was 6.3 out of a total score of 9 (online supplementary table S2). sensitivity analyses for heterogeneity Sensitivity analyses excluding abstracts, studies with small sample size (<100) or studies with low-quality ratings did not result in significant changes in I 2 or pooled SVR12 estimates (online supplementary table S3).
dIscussIon
Using a systematic review and meta-analysis approach to investigate real-world outcomes of DAA therapies in Asian patients with HCV GT3, we found an overall SVR12 of 92.7% from 15 studies with 4230 patients, which is a much higher SVR outcome than reported using the older Peg-IF-N+RBV therapy. 39 However, it should be noted that while non-cirrhotic patients experienced a very high SVR12 of 98.9%, SVR12 was only 88.6% for patients with cirrhosis. The majority of the patients included in our study were treated with either SOF+RBV for 24 weeks (n=2340) or SOF+RBV+Peg-IFN for 12 weeks (n=1417).
This real-world analysis for DAA therapies of GT3 patients in Asia interestingly showed a much higher SVR12 than results from the meta-analysis of clinical trials carried out globally for GT3 (online supplementary table S1). 5-7 40 However, while we found higher SVR12 rates in the overall and non-cirrhotic groups, and similar SVR12 rates in patients with cirrhosis treated by SOF+RBV and SOF+DCV regimens, we found lower SVR12 rates in patients with cirrhosis treated by SOF+RBV+Peg-IFN or SOF+DCV+RBV than results previously reported in clinical trials for GT3 patients. 5 6 41 42 Since real-world studies are more likely to include patients with cirrhosis with more advanced liver disease than clinical trials, SVR12 rates among patients with cirrhosis in this real-world analysis may be lower than those seen in clinical trials as a result.
Interestingly, Peg-IFN was still used in more than one-third of the patients included in our meta-analysis. However, as the newer DAAs are being introduced to Asia, the use of Peg-IFN will be replaced by the much safer IFN-free DAA regimens that can produce the same or better efficacy. This is especially evident as current studies have demonstrated that newer DAA regimens such as SOF+VEL can lead to higher SVR12 for patients with cirrhosis than what was observed in this current real-world analysis where most of the patients with cirrhosis were treated with SOF+RB-V±Peg-IFN. 43 44 However, there are currently no data on the real-world SVR12 of SOF+VEL for GT3 in Asia, so further study is necessary.
In addition to SVR12, another important consideration is the impact of treatment on patient-reported outcomes (PROs). Studies on the impact of treatment with new DAAs on PROs found that the use of all oral IFN-free regimens was superior to those containing IFN. [45] [46] [47] [48] Given the similar SVR12 rates among patients treated with SOF+RBV and those with Peg-IFN-containing regimen, IFN-free therapies may be preferable with regard to patient tolerability and PROs.
There are several limitations to our study. Despite a comprehensive search, there were overall relatively few studies from Asia, with most studies coming from South Asia, such as India and Pakistan, and only two study from South-East Asia (Myanmar) and one study from West Asia (Iran), and no studies from high-income Asian countries such as Japan, Korea and Taiwan, which can be due to the relatively low frequency of GT3 in some of these Asian countries. Moreover, SOF+RBV±Peg-IFN was the most common therapy for patients with HCV GT3 in Asia, which accounted for 96% of all therapies in our analyses. Therefore, most of the comparisons were conducted between 24 weeks of SOF+RBV and 12 weeks of SOF+R-BV+Peg-IFN. Also, since 5 of the 15 eligible studies' data were published only as conference abstracts, limited descriptive data were available. In addition, only two studies reported AEs, and data on RBV or Peg-IFN dose modification or discontinuation and long-term outcomes were not available.
Heterogeneities were also high in the overall pooled SVR12 rate, but we performed several subgroup analyses and found that cirrhosis status contributed to approximately 69.5% of the observed heterogeneity. Prior treatment experience also contributed to heterogeneity, but in the analyses involving treatment-naïve cirrhotic and treatment-naive non-cirrhotic groups, heterogeneity was low (I 2 was 17.2% and 10.4%). Finally, the number of patients with cirrhosis treated with SOF+RBV-based therapy was relatively small, with only 243 treatment-naïve and 87 treatment-experienced patients, with very limited data on compensated versus decompensated patients, both of which likely introduced bias leading to the unexpected observation of higher SVR12 in the treatment-experienced cirrhotic versus treatment-naïve cirrhotic groups. However, to overcome these potential biases we did conduct a sensitivity analysis which did not change our results, suggesting that the potential biases had little effect, but further studies with larger more diverse samples are needed in the future.
In conclusion, DAA therapy was very effective in treating patients with CHC GT3, with an overall SVR12 of 92.7%. For most patients, SOF+RBV therapy for 24 weeks was as effective as other DAA combinations, including 12 weeks of SOF+RBV+Peg-IFN, with significantly less AEs than IFN-contained therapies. However, SOF+RBV may not be optimal for patients with cirrhosis, with an SVR of 88.6% in our analysis, and newer DAAs should be considered for this population.
